Recent studies have shown that rates of depression and anxiety symptoms are elevated among individuals with autism spectrum disorders (ASDs) of various ages and IQs and that depression/ anxiety symptoms are associated with higher IQ and fewer ASD symptoms. In this study which examined correlates of depression and anxiety symptoms in the full school-age range of children and adolescents (age 6-18) with ASDs and IQs ≥ 70 (n=95), we also observed elevated rates of depression/anxiety symptoms, but we did not find higher IQ or fewer ASD symptoms among individuals with ASDs and depression or anxiety symptoms. These findings indicate an increased risk for depression/anxiety symptoms in children and adolescents with ASDs without intellectual disability, regardless of age, IQ, or ASD symptoms.
Introduction
Children with autism spectrum disorders (ASDs) have weaknesses in social reciprocity, communication, and repetitive behaviors (American Psychiatric Association, 2000) . Psychiatric co-morbidities are prevalent, with secondary psychopathology occurring in as many as 72% of children with ASDs (Leyfer et al., 2006) . Depression and anxiety are among the most common ASD co-morbidities (e.g., Siminoff et al., 2008) , and have been shown to relate to significantly poorer life functioning (Mattila et al., 2010) . Emotional comorbidities may also increase the core symptoms of ASDs (Matson & Nebel-Schwalm, 2006; Perry, Martson, Hinder, Munden & Roy., 2001) . There is growing interest in understanding the nature of depression and anxiety in ASDs (e.g., White, Oswald Ollendick & Scahill, 2009; Whitehouse, Durkin, Jaquet & Ziatas, 2009) , including exploring potential profiles of vulnerability and contributory factors.
Several studies have reported associations between age and emotional symptoms in children with ASDs. For example, Ghaziuddin, Weidmer-Mikhail & Ghaziuddin (1998) reported clinical observations of increased rates of depression for young people with ASDs as they entered adolescence. In a study of young people with ASDs, without intellectual disability, higher age related to lower self-perceived social competence, which in turn related to increased self-reported depression symptoms (Vickerstaff, Heriot, Wong, Lopes & Dossetor, 2007) . Higher age also correlated with elevated parent-ratings of anxiety for children and adolescents with ASDs and a broad range of IQs (Lecavalier, 2006) .
Several studies have specifically investigated the relationship between IQ, autism symptoms, and depression and/or anxiety in ASDs (Bellini, 2004; Burnette et al., 2005; Cederlund, Hagberg & Gillberg, 2010; Mazurek & Kanne, 2010; Sterling, Dawson, Estes & Greenson, 2008; Sukhodolsky et al., 2008; Vickerstaff et al., 2007; Weisbrot, Gadow, DeVincent & Pomeroy, 2005) . A large study of children and adolescents with ASDs and a broad range of intellectual functioning showed higher IQ and fewer autism symptoms related to greater parent report of anxiety and depression (Mazurek & Kanne, 2010) . This same pattern was observed in adults with ASDs and a broad range of IQ regarding depression assessed by a clinician, and the relationship remained when participants with intellectual disability were removed from the analyses (Sterling et al., 2008) . A second study of young adults, ages 16-36, without intellectual disability did not duplicate the relationship (Cederlund et al., 2010) ; the authors considered whether the high level of parent support might have skewed their findings.
A potential link between greater self-awareness of one's social difficulties and depression was first suggested by Wing (1992) , who noted that young people with ASDs who are sufficiently self-aware to realize their social struggles are likely to experience increased emotional pain over their social failures. One study reported higher IQ and fewer autism symptoms to relate to increased self-awareness in adolescents with ASDs; the authors suggested that findings of relationships between IQ, autism symptoms, and emotional difficulties might reflect the impact of self-awareness on emotional functioning (Sterling et al., 2008) . Self-awareness deficits may also skew self-report of emotional symptoms, as seen when parents endorse significantly greater emotional symptoms than their children report (e.g., Vickerstaff et al., 2007) . In one study comparing parent ratings and child self-report of emotional symptoms, self-ratings were in the non-clinical (normal) range, while parent report was significantly elevated (Nicpon, Doobay, Assouline, 2010) , although this finding is not universal (e.g., Hurtig et al., 2009 ).
To fully understand the relationship of age to emotional symptoms in higher functioning ASD it is helpful to study a group with an adequate number of children across a wide age range. While providing important insight into the relationship of intelligence and age to emotional symptoms in ASDs, previous studies have not yet investigated the role of age in a sample that spans from childhood through adolescence in children with ASD and IQ over 69. The present study examines reported relationships between age, IQ, autism symptoms and parent-rated depression and anxiety symptoms, previously unexamined in the full school-age range of children and adolescents with ASDs (ages 6-18) and IQs ≥ 70. Building on previous research findings, we hypothesized:
1. Levels of depression and anxiety symptoms in our sample will exceed those found in the normative standardization sample.
2.
Higher age will relate to increased emotional symptoms.
3.
Higher IQ will relate to increased emotional symptoms. As increased age and IQ have been suggested to relate to greater self-awareness of social difficulties and greater depression, we further hypothesized that as age increases, the relationship between higher IQ and increased emotional symptoms will increase.
4.
Fewer autism symptoms will relate to increased emotional symptoms. As with IQ, we hypothesized that with higher age, the relationship between fewer autism symptoms and increased emotional symptoms will increase.
Methods and Measures

Methods
Participants consisted of 95 children and adolescents with IQ ≥ 70 (age 6-12, n = 54; age 13-18, n = 41), who were diagnosed with an autism spectrum disorder based on expert clinical impression using the DSM-IV (APA, 1994) . These children were drawn from a pool of individuals who were sequentially referred for clinical services through a multidisciplinary autism clinic in Washington, DC. All participants also met criteria for a 'broad ASD' on the ADI or ADI-R (Le Couteur et al., 1989; Lord, Rutter & Couteur, 1994) and/or the ADOS (Lord, Rutter & DiLavore, 2000) according to the criteria established by the NICHD/NIDCD Collaborative Programs for Excellence in Autism (see Lainhart et al., 2006) . The group's mean full scale IQ was in the average range (M = 105, SD = 17, range = 71-144) as measured by the Wechsler Intelligence Scale for Children-4 th Edition (WISC-IV) or the Wechsler Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999 (Wechsler, , 2003 . Trained research-reliable staff administered all in-vivo measures. Participants with evidence of a neurological or a known genetic disorder were excluded. Participant characteristics (i.e., age, gender ratio, IQ, and autism symptomatology) for depression, non-depression, anxiety, and non-anxiety symptom groups (see details on determination of groupings below) are presented in Table 1 . Data were obtained as part of an IRB approved protocol.
Measures
Emotional Symptoms Measure-Depression and anxiety symptoms were assessed with the Child Behavior Checklist (CBCL) for ages 6-18 (Achenbach & Rescorla, 2001 ). The CBCL is a standardized parent report questionnaire of child/adolescent behavioral and emotional functioning. Scores are provided for DSM-IV-oriented categories, including affective problems and anxiety problems. Items making up the affective problems domain overlap with DSM-IV diagnostic criteria for depressive disorder. Scores are presented as standardized T scores (M=50, SD=10), with cutoffs for borderline clinical range (64<T<70) and clinical range (T>69). Higher scores are indicative of greater problems. For group analyses, individuals without significant depression symptoms were defined as T<65 and individuals with elevated depression symptoms were T>64. The same cutoffs were used to differentiate those without significant anxiety symptoms (T<65) from those with elevated anxiety symptoms (T>64). All group analyses were repeated using the CBCL clinical range cut point with groups of individuals falling below clinical depression or anxiety symptom levels (T<70) and groups with clinical range depression or anxiety symptoms (T>69).
Verbal and Nonverbal Ability Measures-Full Scale IQ (FSIQ), Verbal Ability, and Nonverbal Ability were assessed using subtests from one of two intelligence scales, the WISC-IV (n = 54) or the WASI (n = 41). To create comparable cross test domain scores, Verbal ability was estimated using the Vocabulary subtest and Nonverbal Ability was estimated using the Block Design subtest. According to Sattler and Dumont (2004) , the Vocabulary subtest contributes significantly to the verbal scale with an average loading of . 80. Similarly, the Block Design subtest contributes substantially to the perceptual scale, with an average loading of .65. FSIQ estimate was created by averaging the Vocabulary and Block Design subtests. FSIQ, Verbal Ability, and Nonverbal Ability are presented for elevated depression symptom, non-elevated depression symptom, elevated anxiety symptom, and non-elevated anxiety symptom groups in norm-referenced standardized scores (FSIQ M = 100, SD = 15; Verbal Ability and Nonverbal Ability M = 10, SD = 3; Table 1 ).
Autism Diagnostic Measures-Autism symptoms were assessed through the Autism Diagnostic Interview and the Autism Diagnostic Observation Schedule (ADI/ADI-R; ADOS). The ADI/ADI-R (LeCouteur et al., 1989; Lord et al., 1994 ) is a detailed parent or primary caregiver interview of developmental history and autism symptoms. Scores are aggregated into symptom clusters that correspond to DSM-IV criteria for a diagnosis of autism. The ADOS (Lord et al., 2000) is a structured play and conversational interview that includes a series of social presses and other opportunities to elicit symptoms of an ASD. Scores for each domain are tallied and presented as non-standardized raw scores. Higher scores are indicative of more autism symptoms. The ADOS is the most widely-used goldstandard measure of in vivo autism symptomotology.
Results
Hypothesis I: Rates of Emotional Symptoms
The percentages of subjects with ASDs who met CBCL cut-offs for elevated depression or anxiety symptoms are indicated in Table 1 . The data confirmed our hypothesis that rates of depression and anxiety symptoms in our sample would exceed those in the general population. Standard scores (T scores) were used to compare levels of this ASD group's depression and anxiety symptoms with the CBCL standardization sample (T=50) using a one-sample t-test. As depicted in Figure 1 , 44% of our sample was in the borderline or clinical range for depression symptoms and 56% in the borderline or clinical range for anxiety symptoms. Thirty percent of our sample was in the clinical range for depression symptoms and 35% was in the clinical range for anxiety symptoms. Thirty seven percent of our sample was in the borderline or clinical range for both anxiety and depression symptoms. Twenty percent of our sample was in the clinical range for both depression and anxiety symptoms, revealing that more than half of those subjects who were in the clinical range for either type of emotional symptom (depression or anxiety) were also in the clinical range for the other type of emotional symptom. Groups for independent sample t-test analyses below were well-balanced, with nearly half of the sample in the borderline/clinical range depression symptoms group and slightly more than half in the borderline/clinical range anxiety symptoms.
Hypothesis II: Emotional Symptoms and Age
The data did not confirm our hypothesis that levels of depression and anxiety symptoms would be greater in adolescence. No differences were found when comparing the mean age of the elevated depression symptoms subjects versus the non-elevated depression symptoms subjects and the elevated anxiety symptoms subjects and the non-elevated anxiety symptoms subjects using independent samples t-tests (Table 1) . These tests were repeated with more stringent inclusion criteria for the clinical-range depression/anxiety symptoms groups (CBCL T<70 = subjects without clinical range depression/anxiety symptoms; CBCL T>69 = subjects with clinical range depression/anxiety symptoms), with no change in results.
Pearson correlations were conducted in order to investigate the hypothesized relationship between age and emotional symptoms continuously. No significant relationships between age and emotional symptoms were observed for depression or anxiety symptoms (Table 2) .
Hypothesis III: Emotional Symptoms and Cognitive Ability
No significant relationship between cognitive ability and emotional symptoms was observed for the sample as a whole. Independent samples t-tests comparing elevated depression symptoms subjects versus non-elevated depression symptoms subjects and elevated anxiety symptoms subjects versus non-elevated anxiety symptoms subjects revealed no differences in Full Scale IQ, Verbal Ability, or Nonverbal Ability (Table 1) . As before, the tests were repeated with more stringent inclusion criteria for the clinical-range depression/anxiety symptoms groups with no change in results.
The data also did not support our hypothesis that a relationship between IQ and emotional symptoms would increase during development. Pearson correlations were conducted between the interaction of age and cognitive ability (Age × IQ) and emotional symptoms, with no significant relationships observed for Age × FSIQ, Age × Verbal Ability, or Age × Nonverbal Ability with emotional symptoms (Table 2) .
Hypothesis IV: Emotional Symptoms and Autism Symptoms
The length of time between ADOS and CBCL administration for 18 subjects exceeded one year. These subjects did not differ from other subjects in age, IQ, autism symptoms, or emotional symptoms and were removed from all comparisons between ADOS and CBCL variables. No significant relationship between levels of autism symptoms and emotional symptoms was observed (Table 1) . Independent samples t-tests comparing elevated depression symptoms subjects versus non-elevated depression symptoms subjects and elevated anxiety symptoms subjects versus non-elevated anxiety symptoms subjects found no differences in scores for the four ADOS domains. As before, the tests were repeated with more stringent inclusion criteria for the depression/anxiety symptoms groups with no change in results.
The data did not support the hypothesis that a relationship between autism symptoms and emotional symptoms would increase during development. Spearman correlations conducted between the interaction of age and autism symptoms (Age × ADOS Domains) with emotional symptoms showed no significant relationship between Age × Communication and Depression, Age × Social and Depression, Age × Comm.+Soc. and Depression, Age × Stereotyped and Depression, Age × Communication and Anxiety, Age × Social and Anxiety, Age × Comm.+Soc. and Anxiety, or Age × Stereotyped and Anxiety (Table 2) .
Psychopharmacology
Twenty percent of our subjects were on medications targeting emotional functioning (antidepressant, anti-anxiety medication, and/or mood stabilizer). Of those who were on such medications, 40% showed clinical range depression symptoms (CBCL T>69) and 40% showed clinical range anxiety symptoms (CBCL T>69). So as to explore the potential impact of psychopharmacological interventions on the analyses, all subjects taking antidepressants, anti-anxiety medications, and/or mood stabilizers were removed and the analyses were repeated. No changes in findings were observed.
Discussion
The current study examined the relationships between age, IQ, autism symptoms and parentreported depression and anxiety symptoms, relationships which have previously been unexamined in the full school-age range of children and adolescents with ASDs and IQs ≥ 70. As in previous studies of children and adolescents with ASDs, our sample of subjects showed highly elevated rates of depression and anxiety symptoms as reported by parents. Forty four percent of our sample had borderline or clinical levels of depression symptoms and 30% had symptom levels in the clinical range. This parallels findings in the psychiatric literature in which rates of depression in ASD exceed rates of the general population. It has been estimated that 6% of the general population of children and adolescents has depression (Shaffer et al., 1996) , compared to 37% of children with ASDs, as reported by one author (Ghaziuddin et al., 1998) . Even more common in our sample was parent report of anxiety symptoms, with 56% in the borderline or clinical range and 35% in the clinical range. As with depression symptoms, levels of anxiety symptoms far exceeded estimates of anxiety occurring in the general population (approximately 24%) (Schaffer et al., 1996) . With almost half of our sample at risk for depression and more than half at risk for anxiety, our findings add to a growing literature marking emotional problems as primary assessment and intervention targets for children and adolescents with ASDs and IQs greater than 69. Untreated emotional problems in childhood often persist into adulthood (Bruce et al., 2005; Pine, Cohen, Gurley, Brook & Ma, 1998) , and studies report high rates of emotional difficulties among adults with ASDs (Hofvander et al., 2009; Sterling et al., 2008 ).
We did not find, as previously suggested by some authors, emotional difficulties increasing with age (Ghaziuddin et al., 1998; Lecavalier, 2006) . It is notable that our sample spanned a wide range of ages (6-18), with an even distribution of children and adolescents. We would have expected such a broad age span to reveal an age effect if one had been present. Ours is not the first study to find no significant relationship between age and emotional symptoms (e.g., Sukhodolsky et al., 2008) . In one study, higher age was shown to relate to more negative (and probably realistic) self-rating of social competence, which in turn related to greater self-reported emotional symptoms (Vickerstaff et al., 2007) . It has been suggested that whereas adolescents with ASDs may be able to report some of their difficulties, children with ASDs often cannot do so (Ehlers & Gillberg, 1996 , as cited by Kuusikoo et al., 2008) . Our parents reported that their pre-adolescent children had as many emotional problems as adolescents. This makes sense clinically, as although children with ASDs may not talk about depression or anxiety symptoms as much as ASD teens, they certainly struggle emotionally. Our use of parent report of emotional symptoms, as opposed to self-report, may have avoided a potentially false age effect and captured emotional symptoms more accurately across the age span.
We also did not find increased IQ or fewer autism symptoms relating to more emotional symptoms, as reported in some prior studies (Sterling et al., 2008; Lecavalier 2006; Mazurek & Kanne, 2010; Sukhodolsky et al., 2008) , but not all (Cederlund et al., 2010) . In contrast to the current study, the Mazurek and Kanne and the Lecavalier samples consisted of children and adolescents with a broad range of intellectual abilities. It is possible that including children with intellectual disability is responsible for the discrepancy in findings, as differences in emotional functioning between children with and without intellectual disability have been observed, where children with IQs ≤ 70 present with less parent reported anxiety symptoms than those with IQs > 70 (Sukhodolsky et al., 2008) . However, Sukhodolsky et al. controlled for differences in intellectual functioning in their analyses of subjects with a broad range of IQ, and their finding of higher IQ relating to increased anxiety remained. It is notable, however, that the Sukhodolsky et al. sample consisted of children with ASDs and severe behavioral issues (tantrums, aggression, and self-injurious behaviors). Sterling et al. found higher IQ and fewer autism symptoms relating to self-report of depression in adults with ASDs, even when removing those subjects with lower than average IQ. Notably, their sample was significantly older than ours and relied on self-report of symptoms, which may have been impacted by the level of functioning/self-awareness of the participants.
This study had several limitations. Although parent report may be our best quick means of quantifying the emotional functioning of children and adolescents with ASDs, and was useful for side stepping impaired self-report abilities in children with ASD, parents may have difficulty differentiating emotional and autism symptoms. Future studies should include self-reports and teacher reports. Additionally, the factor structure and validity of CBCL domains in ASD populations have yet to be articulated for school age children.
Another limitation was the use of standardization sample norms instead of a control group. We were not able to match subjects to controls on IQ and other parameters. When addressing age effects we relied on cross-sectional correlations with age rather than the more powerful within subject, longitudinal design. Future longitudinal studies are needed to definitively answer the questions surrounding changes in emotional symptoms across development in ASDs. Finally, although the study considered the potential impact of psychopharmacological medications on the analyses, we did not explore other interventions the children might have received or the impact of comorbid symptomology (e.g. attention/ impulsivity symptoms). As remediation of comorbid psychopathology is the ultimate goal, future studies should account for the impact of intervention on emotional functioning.
In spite of the limitations, the current study provides several important findings from a wellcharacterized group of 95 children and adolescents with ASDs and IQs ≥ 70. This study extends previous studies, as our sample contained the full school-age range of ASD children and adolescents with IQs ≥ 70. High rates of both depression and anxiety symptoms replicate previous findings. A lack of relationship between age and parent reported emotional problems calls into question the suggestion that younger children with ASDs have fewer emotional difficulties. Similarly, a lack of observed relationship between IQ or level of autism symptoms and emotional problems suggests that all ASD children without intellectual disability are at risk for emotional difficulties. The findings of this paper indicate that it is important to screen all higher functioning children and adolescents with ASD for symptoms of anxiety and depression, regardless of age or intelligence level.
Research Highlights
We assessed the relationships between age, IQ, and autism symptoms and emotional symptoms in children and adolescents with autism spectrum disorders and no intellectual disability. Elevated rates of depression and anxiety were observed, independent of age, IQ, and autism symptoms. Correlations between age or age interactions and depression and anxiety symptoms. 
